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Isomerism 
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Bat eae PRB aT ARLES a | . ; | 
established system of numbering is used for all sterols and sterol or steroid 


 derivativese The system is not fully rational because it incorporates parts of a 


provisional system used at aitime when the structures were not fully elucidated. 


‘The rings are conventionally designated A, B, C, D, as shown. 
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The problem of stereoisomerism of sterols is extraordinarily complex and has re= 
sulted in a rather confusing terminologye This subject will be taken up at this 
point in order that a background may be provided for the later discussion of 
steroid hormonese 


Cholesterol has 8 asymmetric carbon atoms in positions 3, 8, 9, 10, 13, Uy aap 
and 20. Stigmasterol and sitosterol have an additional asymmetric carbon at Coj,e 
Keray and other studies have shown that the sterol molecule has a rather flat 
structure. In order for this to be true it is necessary for the angular methyl 
groups attached to Cyo and 0, end for the side chain at C7 to lie in one plane 
and hence have a cis configuration. The hydroxyl at Cz is in the cis position 

to the angular methyl groups in the previously mentioned sterols and is given 

the conventional designation 8. All hydroxyl groups cis to the angular methyl 
groups are conventionally shown attached to the nucleus by a solid linee Con~ 
versely groups with a trans configuration are called a and attached to the nucleus 
with a dotted lince For cxample: 
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This compound would be called pregnane 3Bel7a-diol, Particularly in the older 
litcrature the prefix epi will be found before the nanes of compounds with the 
3 aehydroxyl groupings 
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A socond important typo of isomerization deals with the configuration of hydro= 


gen attached to asymmetric carbon toms in the nuclcuse 
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Pregnane 
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“X-ray and other evidence have shown that the hydrogen atoms on Cg, Cy), and Cq7 
are fixod in the trans position; whereas the hydrogen on Cg is fixed in the cis 
positions However, the hydrogen at Ce can occupy a trans or cis position, When 
the hydrogen at Cs is cis tho compound is regorded as belonging to the normal 
- sorios; if it is trans, the compound belongs to the allo series, The above con-. 
¥ pound shown with the cis hydrogen at C is called pregnane; the trans 5 isomer 
would be cAlled allo prognane. Unfortunately, many compounds were discovered and 
named before this system became acceptede For example, androstcrone, a male scx 
» hormone, is an allo compound. Its isomor in the normsl series which is called 
Seisoandrosterone actually should be named androstcrone, and sdrosterone itsolf 
should be callod allo androstcronces 
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Estradiol Progesterone Testosterone Androsterone 
Female Sex Hormone Miale Sex Hormone 
Estrogen Gestogen Androgens 


There arc two types of female sex hormones. Estrogens, of which cstradiol is an 
example, are produced in the ovary, probably in ripening follicles, end then 
passes to the uterus and vaginae Progestcronc is secreted by the corpus luteum 
of the ovary and acts in conjunction with the ostrogons in control of tho utcrine 
cycloe 

The male hormones, testostcrone ond androstcrone, have qualitetively similar 
activity, although testostcrono is 3-10 times moro actives -Thoy are formed in 
the testes and control the development of the ecnital tract ond the accessory 
male organse . 


» Tho estrogers have boon synthesized from coal tar products and hence are of little 
intercost as far as utilization of stcrols from farn cornmoditios is concornede 


» Both progestcrone and testosterone have boon frepared fron cholesterol, stig= 
masterol, and sitosterol. The usual procedures involve protection of the C 
hydroxyl group mend the Co-Cg double bond followed by oxidation 
with chromic acid or ozone. The oxidation step has been termed the "sledge hammer" 

recétion. Many different products »re formed and the yioid »f the desired ocne- 

pound is usually quite low. Stigmasterol is casier to oxidize on account of the 
double bend at Coz~Co), and hence would be « proferred starting source if readily 
availablee ye ql 
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A typical synthesis of progesterone from stigmister:1 is shown below: 
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The acetate 5,6 dibromide of stigmasterol (I) is subjected to ozonolysis thereby 
rupturing the double bond between Coo=Coz, debromination and hydrolysis yielding 
the 48 hydroxy “4° bisnorcholenic acid (74). The methyl ester of this compound 

is treated with phenyl magnesium bromide to obtein the diphenylcarbinol, which 

is then dehydrated yielding the diphenylene derivative (III). The C5-Cg double 
bond of this compound is protected by selective brominatzion (nuclear double bonds 
are more reactive than those in the side chain) end the © hydroxyl protected by 
acetylatione The double bond at Cog=Coo is ruptured by ozonolysis and removal 

of bromine followed by hydrolysis yielded pregnenolone (IV). Oppenauer oxidation 
by means of aluminum tertiary butoxide and acetone results in a characteristic 
double bond shift and thus yields progesterone (v)e these processes are Comm 
paratively simple for the steroid field and exemplify the methods characteristic 
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of most syntheses in this line of researche 
: Adrenal Cortex Hormones and Cortisone 
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The adrenal cortex hormones and cortisone may be considered structural derivatives 

of pregnane and progesterone. Twonty-seven steroids have peoen isolated from the 

adrenal cortex and of these only six have been found to be actives The structure 
my of these compounds is shown belowe 
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be noted, that each of these conip und s has received various namesSe ) sett 
1 in the U.S.A. and Reichstein in witzerland worked on them independently i 
® - thom by letters in the order they were discoverede Tho system based on ; 


- corticosterone is apparcntly the most popular although the Geneva ~ystem con= 
_ veys much moro information to workers unfamiliar with the ficlde 


i) 
é It will bo noted that all the active adrenal cortex hormones have an ossontially 
conjugated double bond systom in ring A and a kotol (CHp0H-C=#0) grouping in tho 
sido chain. It will bo noted that two of the compounds have no oxygen at Cyq, 

* and of tho four with this grouping only two have a hydroxyl at Cy7. Those 
structural diffcronces rosult in marked physiological diffcronces. 


‘The adronal cortex hormones have been shown to have two different functionse One 


group, tho. desoxy corticosterone compounds (no oxygen ot C33) affects salt motab= 
bs olisme Deficioncy in these hormones results in loss of sodium chloride and re-= 
ie tontion of potassium in the body, causing dehydration and shock, Tho other group, 


~~ the drug is ccoased. Owing to the extromo shortage of this drug it is not def=— 
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 initely known whether prolonged usago will result in any untoward symptomse SORA 
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--—- gearch for sources and syntheses of this compounde tt oceurs only in trace 


mounts in becf or swino adronals, 1000 pounds containing only 80-500 milligranse 
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rat _ Tho only present synthotio source of cortisono is the bilo acids, cholid acid 
and desoxycholic ‘acide | . : 
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Beek ae Cholic Acid Desoxycholic Acid 

Pe ‘The actual synthesis uscs dosoxycholic acid, which fortunately can be produced 
Fe cy eron cholic acide Ono hundred kilograms of ox bile contain about 64,00 grans of 
We cholic acid and 800 grams of dosoxycholic. acide Present syntheses are vory 


long requiring some lO stops; tho ovor-all yicld based on dosoxycholic acid is 
~~ less than 1%. 
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\ 4 > There are not oncugh cattlo in the world to satisfy the doriand for desoxycholic 
he ateametick As a result an intonsivo hunt is undorwey fcr suitable precursors of 
ortisone in tho plant kingdom. Storols found in tho farn cormoditics studied 

y our Bureau aro not suitable for this purpese bocause thoy have neither oxygen 
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feted Riemer species which contain saponinse aanonte are Baie 
composed of sapogenin (sterdid residue) plus a sugare, They are soluble 
peous | By neres and’ are readily hydrolyzed to yield the free sapogenins cats 
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ould be an especially favorable precursor. A recent announcement from the 

I indicates that a cooperative es on Strophanthus, the source of . 
rmentogenin, is being conducted with the Ue Se Public Health Service. Since 
ore arc many other sapogonins of unknovm nature, it is possible that even 


re favorcble cortisone precursors will eventually bo found, . sat vie 


those Conant as Sarmentogenin with the oxygen in the desirable Cj, position Wine 
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